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PGEM-3Z h & 4, 4N T —A Bk 470K B 37 F £ S8 4E 45 88 L 1 (neo). WIASAR R 49 F sk 5470 L B £ 4h a2 &
A T LB 2L B HSV-tk1 A= HSV-tk2, 1 4& neo #) A &R T —/A~F w148 F 4 LoxP(locus of crossing-over (x) in P1)4 7
EAANTE G S AL AT, KM T HAR pA2T. AN AN TR % L% EF 5] ¥, neo = HSV-tk1 Z 1A #9 %
F A B P FIA 8 ANV R BEYIME 5 . neo A= HSV-tk2 XL 49 % 41445 5 5 51K 5 ANk 698 b045.5, neo. HSV-tkl #=
HSV-tk2 A & ) 1k 5 956 T 0, IS ARkt e L F R AT e mit, Fl 5 £ (G418)A4 R A 1 I (GAC)#ATE i ff ik, ¥
PET IE AR R e A E v, G R ALK B AT R R pA2T MR T . Bk pA2T FEAL R R X Cre T84
(Cyclization recombination protein)é§ K % 4F & BM25.8, ¥ 2] LoxP 5549 £ M &, R A pA2T T4 EL KR T
AR Cre TG LT, B s, ARBER ATH A 6938 F ALK B 47 ¥e 84K pA2T, AR4E AR 69 B BT RFlRA E, A% MCS
P AR T AR AR B &M ATR, RS AT E A Cre 408 A TRA R4 T 4G 69 neo A B, A A A ETH
8 7 RIS A R S AR T A

X@iF: AR, @A EEEITERAMK, LoxP 4 7], Cre T 48

Construction of Universal Vector for Gene Targeting and
Analysis of Its Function
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Abstract: To make a universal gene targeting vector fitting for most gene and delete positive selection gene after targeting
successfully, a vector named pA2T was constructed by inserting one neomycin gene (neo) for positive selection and two same herpes
simplex virus thymidine kinase gene HSV-tkl and HSV-tk2 for negative selection into the vector of pGEM-3Z, and two locus of
crossing-over (X) in P1 (LoxP) and two different multiple cloning sites (MCS) were inserted into two flanks of neo separately. There
were eight rare cloning sites between neo and HSV-tk1 and five rare cloning sites between neo and HSV-tk2, and neo, HSV-tkl and
HSV-tk2 could be translated respectively in the pA2T. Transfection of the pA2T into goat fetus fibroblast cells with Lipofectamine™
2000 conferred resistance to geneticin (G418) and resistance to ganciclovir (GAC) in the cells, which suggested the positive and
negative selectable markers could express in the cells and thus the vector pA2T could be used as a universal gene targeting vector.
Transformation of the pA2T into the BM25.8 expressing Cre recombinase conferred neo was deleted in the pA2T, which suggested
the LoxP was active. Thus, this vector can be inserted by most gene sequences as homologous sequences and positive selection gene
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can be deleted after targeting successfully, which is very convenience for the production of transgenic animals using gene targeting

method.

Keywords: transgenic animals, universal gene targeting vector, LoxP sequence, Cre recombinase
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N7 FUBRAE W) S A BRI B K B A D e <
TGP B O, sk 2R,
7 LA 40 i g 3 1 5 A1 AL Y 0 5 DX A e o A 45 5
VR M AZ AR R E AR A 7 e B N S o vl g, e
HAZE B e DX 200 D 1 4 1 v B DAY 0 MR g A L5
AL IR — o T T 2R R AT 240 6 o A7 ) 2k =
LA RTEAUA . I OB AR S B TR A A

Hh o 2 2 A DR L R TR P 32 B 222 B R,

{ELJo 5 A TE 47 AL A AN T 000 4 1 7 3 S 1
R AR 2 A BIR A TR 3 JoiAr 2 S B SR AT R Y
R, (A7 TE RS ROCRAR N 248 DUIR A 1 kb

7Tl PR 0 T O0l 240 JE R4 7 B DL TR o2 A8 4

H H AR AR E Mt L o 324 1k L TR 1Y) %
D TR A e RUPB 0 T
ARG IR 2 — R R THE AR 9 A4 2, Mansoor
25 VYL L A I 7 075 0 i DR T 400 55 s REAIR i A4 075 e 47
B RSl B A R S B, TR SR AR e PR T 0 32 B 4 o
B, B7 b e i IR 38 o HE B A BH PR i — 20 3 AR BH
SERE . X TSR] 5L D TR, 43 0l b T
TRH) T B SRR R e B | 1 D sk L IR (1) 3 2 S 5 58
ZwbEmTh . R 3 A G BB R . BRAR
HEL T A I e ik R % 2 e R A U B )
B IR FTHR AR IO, H D) A37 s K A BR A T o s 2,
A g FHRE L

PRAT R D T3 5 e A 7 R e DR sl SR R 2
ARG IE PR AR 0 DR R A 2 R A B Tl S
[ (neo) 2 &8 1 neo [l £77E £ 5 i rb B A0 % 5 ik
[5] 3h 0 A R B 26 R RIE 8 A2 DR DL, RT3 n 1 )
WIESE TAERIS2 [N & . LoxP(Locus of  crossing-
over(x) in PL)FF41 i 2 4~ 13 bp #1784 741 1 1
A~ 8 bp FH[E]FE XA Y . Cre 4104 (Cyclization
recombination protein)J&—Fi v s fE SR A M, &
REfT 2 4[] 1) LoxP =[] (4 1 51 i b i S HED, i
Sternberg Z:1"3 F 1981 4E )\ PLEF AP &K, J& T
A Int BRI . T Cre T 4B A0k T DLk
FIRG I 23 P45, PR, Cre/lLoxP R GE7E BL 4T

PRI ST 1A b Bk i 22 g g i 0 9,

ARWFFE LA e AR pEGM-3Z M 2E, EHZ T
FEOLSERA T 1N IEEEEFRIC neo. 2 A EREFR
e HSV-tk1 Fl HSV-tk2, Ff-7E neo Y PIMI & ¥4f0 T —
A AR LoxP Jy4l, Mt T ik pA2T,
HIEP A 24T AL 2 SR AT,
I XF AR I R BEAR G BE B B Loxp TR AR
AEYREHEIEAT T 5T
1 MHF %
11w
111 JHH A

pGEM-Teasy # {A #l pGEM-3Z # 1k g A
Promega /A, pMClneoployA #{Akll 5 Stratagene
/3], pORF-HSVtk #4& H Invivogen 23 #], Kig
FF 7 DH50 M K i AF B BM25.8 FH A R 47«
112 L ABEALH

R UIEEIA MBI AR, R R GRS
e MR 20 | Promega 23 7], T4 DNA &
fitf . Klenow Fragment 1 CIAP lJ H TaKaRa 7~ rl,
G418y H Invitrogen /A &, GAC I H Invivogen 2y A,
DMEM #I DMEM/F12 g H Invitrogen 2% ],
Lipofectamine TM2000 Ji§ B Invitrogen /A ] .
1.1.3 A AT

I¥E M-S MFAE Invitrogen A ], 2 wRESL
ST HVTE FEE B 2 w6
114 1 F TN

A% R A
1.2 #HixIHE
1.2.1 pGT AIpTK 495

Not I, Swa | ¥ P] %k A& pORFHSV-tk, fi a1l
36 )3 8T 2 polyA T3 51 i) B i 92 9 25 M 9K it
JE R (HSV-tk), Klenow Fragment #hF-J5 5% A Sma |
HRFYI 2K pGEM-3Z, 435I BamH 1, Sal I, Pst 1,
Nhe I/Nco | ¥4, %@ BHYE ek pGT. #itsl
Y Ptk1(5'-3'): GGCCGCAATAAAAATCTTTATTT
K Ptk2(5'-3'): AAATGGATCTACCACATTTGTAGAG
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G, Lk pORFHSV-tk MR #3855 )5 s F & polyA
JPAI HSV-tk, BEREIEIL PCR =¥ 3f v b Ak 4
pGEM-Teasy 1, 434l Pst I Not | FHEGI 214, %5
PHM: 52 P pTK,

1.2.2 pGN gt

A —Bf Xbal, Sgs 1. Bpul120 I, Bsp1407 |
Nhe I, EcoR I, Notl, Xho I, BamH I, Sal I, Bsul5 Il
Bst1107 I, Pf123 11, Spel, Pstl, Sac Il Xba I fifti]]
B 2 SN T4, Horb Xho | # Sal | 45 A
— BT AR LoxP(5'-ATAACTTCGTATAGCATA
CATTATACGAAGTTAT-3), & i 1Y ¥ 5 1o T 3 4
pGH . Xho I, Sal | XY {A& pMClneoployA #Ef
IG5 87 K ployAJ¥ 41 ) neo, Tl A B FIAHN
fitF Y pGH Hr, Xho 1, Sal | XS] % 5 FHAE 7a % pGN.,
1.2.3 pA2T W9#

Spe I. Sac Il 73 AUEGEI 4K pTK F1 pGN, 43
SIEERE S pTK H i $E)a sh 7 & ployA J7511Y
HSV-tk F1 pGN R Fr B, 4% 2 4~ [EIIScR B, Spe |
Sac 1 WUGH) %6 5 FHPE 5e e 24k pAT . Xba | 4351 5
VIR pGT M pAT, BRI FICEF VI 200K pGT
JEH CIAP ik 5rumllR Sk Al, e [l i b) A
PAT HiK B, T4 DNA M3l 3 2 4l B,
S35 Sac 11, Sfi 1. Kpn I, BamH | il 7] %5 PHE
TEFE pA2T, I FEERAIE .

1.3  ZHARAEEFNHE LA
1.3.1 #1478 #(GA18) 74 # L 1 (GAC) i i e J&
e

554 AL S AT 2 A A A ) m A R B R Y
G418 fll GAC ikt 1 &, 4uil G418 Hyfe KEAE Mk &
1 GAC 1/ NEULR B
132 JTHF R

# pA2T $ H8 LipofectamineTM2000 g 1 B 5
B2 4 AR ET 4R AN
1.3.3  JGHHIIEZTFER I

LY A5 ALB. C. D, E. F /"4, #%
HEQI 5 (1) G418 1 I KBUE R A1 GAC 1Y i/ Nk st
WRE AT IR e, A AU IEH A KT IR, B 410
YL AR B IR MO I G418 k4, C 4 Mk
#IRJ5 G418 FI GAC ik, D 4l Mt Y8k iG
GAC i 4, E 41 e Ye iR Ja 1E % 5574, F 4102
ANEEYe A MA 25 . FE Y3k 24 h 454
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A3 IAKE e BE 254, 1 ] N ISR e 45 2R
1.4 pA2T #{L XA+ & BM25.8

AR pA2T B AL i1k Cre BRI KT
W BM25.8, #2Ht BM25.8 1 i kifir 4 h pA2T2,
BamH | 43 5BV pA2T Fil pA2T2 BERCHLTK, VKK
W, AP AR 4E R . 514 Pneol(5'-3'):
CCAGGTCCACTTCGCATATTAAGGT }% Pneo2(5'-3'):
CGGATCCCCTCAGAAGAACTCGTCA, 434ILL pA2T2
M pA2T AR AT PCR ™I, HLIKAIN

2 BRGAT

21 BRAERITEISAKBYIEER D
211 /K pGT FIZIL pTK JFL] 45 K 77 Hr
HSV-tk 4 B985 17 91 LA 5 17 (GAC) I E
Yy, F A RO 0 A B R W B, AR AE T,
T 24P o o 3% il 5 81 4 5 1) 2 S RE AR IS GAC,
R A5 33— it L [R] T 48 2 A i P B 9 95 s 1 )
R DR Ok e B AR IO S I, A B[R] TR T 51 A
— A FH T HERRBEPLIR A S A0 o TR B A
BEALEE A 2N AN AL A L AL I, HSV-tk s 43
AP SE AL b, A RSEASRELE AT GAC I 25Kk
FRIEAE TS ST A 1o W] Y 4 A S A
FEZ Y, HSV-tk 9% F5BR, M0 DIFE & B IE 2y
Wi vk i R SR B g o A4 YT Fn PCR
HITEER R T & A — 1 HSV-tk Y3k pGT Fizkik
PTK, f#FJ5 2 TAEH m A F TRk o AR 4
HSV-tk SE[H E (B 5 F pGEM-3Z 4% & | il
YIS BT S E R pGT (B )ik pTK(&E 2),
WG Be K EH & pGT Fl pTK B RE 20 .

M 1 2 3 4 5
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3000

2000

1200
800
500
200

1 BRI pGT WESIIEE
Fig. 1 Identification of pGT plasmid
M: molecular weight marker ; 1~4: the plasmid was digested with
BamH I, Sal I, Pst I, Nhe 1/Nco I, respectively; 6: PCR fragment of tk
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1 2 M
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2 JRHLpTK MBS L E
Fig. 2 Identification of pTK pladmid by enzyme digestion
M: molecular weight marker; 1, 2: the plasmid was digested with
Pst I, Not | respectively

2.1.2 pGN L] %2 K 77

FE DT 0 ) Bt R R S AL R R, TR R
G A BT R A b R AT A Y DG B, TRt
FYHE A v AT 3 1 Tl )57 053 A F TRV DRV I 51
A, 8 TS T R R v R AT RS 2 I DDA A
A N IE AL, pGH A £ i
FEA R A ZA T, AE TR F 5 AR S R
A A o neo i (1) 7 118 B 2R W IR 1 7% I RE 40 5t

1853 (G418), Ft GAL8 FIf HxT 4H M o 1 1 ) I

A I7E G418 it s 77 B N AEE, 1M IE 240 i T
neo FEFRIURBETE A G418 MREFRILH A /7, MR iX
— UL R TSR AR A T neo JEPRIE M IE BEFRAR
G, JE GA18 G A M LUK E 4T HE A A
R BN AN A S AL O STHE B P OE i PR AR i
FEH neo £ F 2 ARG Z 1], DXt neo 5 A G il )3
KA — B MCS {8 T [F] I i 4 A o A8 58 U0 1Y
771K neo LK 5 A 8K pGH riAs 2 i 44 pGN,
MR A V) 26 72 485 SR % pGN 344215 8, 2% 44K pGN
neo JEPR BB A —B MCS, T2 TAEH[FH
TR EA . o, ARG BT A EA 2
AR LoxP J¥ 41, pGH LA neo J&, 2 /™[] Y
LoxP ¥ NILFA7 T neo MR, 5 7 3 PR 4T 41 A%
IJ5 A Cre/LoxP &4t B neo,
2.1.3  Z /K pA2T L] BER ;T

R DRI L 280 A 174 T 7 7 328 SR P DA A KR B 1Y
ARAT PR AN, PR RIITR A T 2 ATk B
TP HSV-tk Ho— 8 REHERR AR B AR 56
YIZAR pGT. pTK I pGN, 435I4k45 I i e bric e

N, AR pA2T, BFIKERMAE pA2T
(B 3), #EiEiEs, Sy E—SMa0Es, 4
A pA2T(E 4)&H — M IEREFEARICIEE neo
2 A-AHTE B AL PR IC JE ] HSV-tkl FT HSV-tk2,
neo. HSV-tk1l 2 neo Al HSV-tk2 2 [a] %4 — Bt MCS,
Al 8 N 5 AR EEYIA s, AT T [RE
B 5 194 A, neo. HSV-tk1 HI HSV-tk2 4 4% [ ph 7
M5 SR HIG

bp

7000
5500
3500

2000

1000

3 BRI pA2T MEsI 4T
Fig. 3 Identification of pA2T plasmid by enzyme digestion
M: molecular weight marker; 1~4: the plasmid was digested with
Sac Il, Sfi I, Kpn I, and BamH | respectively

hEF1-HTLVprom
Ampr

Sall 1
Bst11071

Spe 1 Pf123111

4 FRIEy pA2T B
Fig. 4 Map of universal gene targeting vector pA2T

2.2 FEFFERATHELN D R IE S0k £ F R A
2.2.1 G418 RABILWE/E I GAC 7/ EIEH/EHYT
&

HAR AT A7 AE neo B, 40 A RE 4> fiRt
G418 ff Hofi 52 8 3, (HAERRUR EE T At RB A=
Sk HE B 40 B A B 038 7 M T R IR PR, A b ZE )
E G418 MR KRBEOULMRE, Ditfa ST H ) f
G418 1 i 16 Wk FE o Il 7L 2 W 4t B v B SR S AR AE
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HSV-tk, {HJE GAC TEH & Wk B 451 T BE 2% 2 A i
I, MMM FE T, B AR A 2 0
GAC M/ NEAEIR B DA 2 S T #E ek FE2 - GAC
FITf e Hk B . ARG e 1w R, B 2 AT 4
A G418 (1M f5 KREFLHE JE 72 400 pg/mL, GAC (1)
INEBEHR S 4 pmol/mL,
2.2.2  ZGWYiidtE RIEA G 17

L2 LT 4R s e pA2T 24 h )5, 44043 %)
HEATRE, 1 )5 P AL e 25 5 (1&] 5), B 2 41 i e
PA2T J51E G418 ik T, 55 3 KA A /24 A7
%, G418 MK (200 pg/mL)J 4k S 1s 3% K3,
UL pA2T H neo 7EF ik, D ALY pA2T 5 1E
GAC fifii N A #4581, UiB pA2T H HSV-tk A G
223K, C LHANE%: Y pA2T J5 16 G418 Fil GAC A E
YT BE ™ ATBEETS, HE—UERH pA2T H Y neo Al
HSV-tk #E Rk, A4, E4L. FAEKIER, #iW]
B4l.C4l.DAMELREERAEMHMHEIRS, Mk
T 7 B 4 S R S A5 SR pA2T H i IE £
PRFRIC RN BRRE A, pA2T W] LAFH Vi FH 73 L R 4T
A

A

E5 #HkpA2T HLELERMEETELIBEBMAME
KR
Fig. 5 Growth of goat fetus fibroblast cells after
transfection of plasmid pA2T in different groups
A: negative group without transfection; B: selecton with G418 after
transfection; C: selection with G418+GAC after transfection; D:
selection with GAC after transfection; E: without selection after
transfection; F: selection with GAC without transfection

2.3 LoxP FHIEE D

Cre TABFREN T 2 1> LoxP {37 5 2 [ 4 7 51 &
A ST, (24 LoxP {7 5 = 8] 4 7 41 8 HE 5%
TR A 58 BT R R B R AR pA2T Hh, IE BEdRiCHE
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neo Wifll#& 47 1 4> LoxP ¥4, BamH | 4351
PA2T2 5 pA2T Ik FEHIE pA2T2 H pA2T 4
1200 bp(Kl 6), PCR Huigii—#Hfi5E pA2T2 %A
neo(&l 6). LA LZ55IERT pA2T FERLfbdl itk ik
Cre A1) BM25.8 J5, neo B M, U480 Loxp JF
SUAFAEA Y IG e, SCRWIZE pA2T JEATHEINATHUR
)5, AL Cre/LoxP &4: =R IEEFRICEMA neo.

2000

1000
750

500

250

6 Loxp FHIBIEMEHERE
Fig. 6 ldentification of the activity of Loxp sequences
1: pA2T was digested with BamH |; 2: pA2T2 was digested with
BamH I; 3, 5: neo fragment was amplified from pA2T; 4: no
fragment was amplified from pA2T2; M: molecular weight marker

3 itk

Xof AN [ (4 35 DR AT AL e TR, SR il
AT AR ST BB R R FE . IE e R R Y
B s w . ZoaBERETT . TRIIRE 1 4 A SR ST Y
TR, DR D B 07 25 SR e 5L Aty A S % e B
DR TS0 28 A A L DR T SEAIE 9 TAE4RAIE T (8 . 7R
3 70 R IR T 8 2 (R A7 B DR AT #E B 5 T AR
T AT A T 1 T U AE G TR AR N, R 1Y il
YI7 5 [R5 T AN REAEAE, TR I3 P 780 05 PR 4T 4%
RN AT RS 2, I B AR AL b 3R AR
Bl U0 s VS L 22 e B s, il AN (] i 8] e Ao
SRR R AR A o ASDF 55 A4 22 %) A FH 280 5 PR 4 T 4
#HAK pA2T 1, neo Fll HSV-tk1 Z [a] 45 8 LI 1,
neo Al HSV-tk2 Z [A145 5 ANEFUIN7 5, F X e 1]
A7 5 FE L DR 20 vk B A AR AR, AT LA R 24K
i DR A A7 o5 R S T SR A7 A o R L 7 O 2 1Y O ek
A DU R AT R 0 SR A S A L, (EL T A8 s 2 1 2
MuFE R 4 & A IEEPEARICIE A neo, XA
Wi Je 22 ESE AR, B RTAE SR AT S A W 5 AR
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FAEAE IE S FR AR IO L neo (Y THER &8 1 B A
WFFE7E neo MIBIMNAS AN T —A 1A LoxP 741,
I HUFISX PN LoxP FEAIAFFE A= G 1, BEFEFTHE
)5 FH CrelLoxP Z 55 HER: neo T4k

JIT LA, AR5 BT b A ) 3 FH 7 O R T A A4
pA2T, JL-F Fr A Y 3% IR % 1 18] U6 B s, 4 A 21
MCS Al B FRFEFTHAATSE, I REUE AL FTH A
G F Cre Hi2H it 2 B A 4 Hh i A neo 1A .
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